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Abstract 
The study of sludge, collected after processing different makes of steel, is of big interest for the research of chip formation while 
grinding. Together with hard- and software it helps to establish qualitative and quantitative interconnections between geometry 
features of sludge and technological factors. The article deals with studying the influence of chemical composition of steel 
grinding makes on the results of photometrical analysis of chips after grinding. For this reason, the photo material obtained with 
the electronic scanning microscope JSM 6460LV (JEOL, USA) was studied visually and some chips were geometrically 
measured. As the most apparent (explicit) form of chips is the globular ones which allow fulfilling the exact geometric 
measurements, the analysis of chips of this particular form is given in the article. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
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1. Introduction 
The article deals with the objective to connect the chemical composition of work material with the grain-size 
composition of chips, which are formed while grinding different steel. In order to measure the geometric features of 
chips, 10 photographs of sludge of different types of steel were analyzed. As a result, data set was formed which 
characterizes the size and quantity of chips for 1 mm2  of the photograph (surface density). 
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Nomenclature 
D average globule diameter  
N  average globule quantity for 1 mm2 
TL melting temperature of steel 
TL Fe         melting temperature of pure iron 
ai            coefficients of significance of the first and second order for the appropriate element i which is contained  
               in the steel of the given make 
i              the content of element i in the steel 
G            the coefficient of the surface tension 
GFe         the surface tension of pure iron 
xi            atomic fraction of i-component in steel 
ni            the number of moles of i-component 
Fi            parameter which characterizes capillary activity of alloying addition 
2. Research results 
Figures 1 and 2 show diagrams of the effective diameter D and the surface density N of globules for 5 makes of 
steel. Taking into consideration that the initial position of sludge after grinding steel is 45, the fact is that with the 
increase of the quantity of alloying elements in the grinding material, the quantity of globular chips decreases 
extensively and their diameter grows. 
The appearance of chromium in the work material increases the globule’s diameter more than 3 times, while their 
quantity decreases 6 times. If the same percentage of nickel is added, the globule’s diameter grows 3, 5 times, while 
their quantity decreases 12 times. If manganese is added into steel alloy, the globule’s diameter grows 4 times, while 
their quantity decreases 24 times. The appearance of 3% nickel with simultaneous decrease of the quantity of carbon 
in steel – to 1,2 % – increases the average globule diameter 5 – 5,5 times, and their quantity decreases 60 times. 
 
 
Fig. 1. Average diameter of globular D of chips after grinding different makes of steel 
Statistical treatment given above shows considerable difference in the grain-size composition of chips, got after 
grinding steel of different chemical composition.  
It is possible to establish the influence of chemical elements on the chips morphology after grinding. 
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Figure 3 shows the quantitative characteristics, where the average globule diameter D and their quantity N are 
inversely proportional. 
 
 
Fig. 2. Average quantity N of globular chips after grinding different steel makes 
 
Fig. 3. Average diameter (a) and globule quantity (b) of different makes of steel 
Therefore, alloyed steel is less inclined to the formation of globular chips. The hypothesis about the formation of 
globular chips was suggested – the temperature reaches melting temperature in the contact zone of separate abrasive 
grains with the work material [1–3], as a result of which the cut single chip melts and crystallizes into a sphere. As 
the main condition of the formation of spherical chips is the achievement of the contact temperature between the 
abrasive grain and the work material melting temperature, so with the increase of the complexity of alloyed steel – 
from 45 to 12KhN3Ⱥ – its size should grow. 
The majority of known methods of analysis of carbonic and alloyed steel liquidus temperature ɌL are based on 
exponential expressions which can be presented the following way [4-7]: 
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The change of the globule diameter, namely its growth with the decrease of the globule quantity can be explained 
by different surface forces, functioning on the surface of the melted chip during its hardening. A numerical 
characteristic of these forces is the coefficient of the surface tension. 
In accordance with the recommendations given by S.I. Popel and others [8–13], the coefficient of the surface 
tension G for any type of steel can be defined by the formula: 
Fe i iG=G -2000 lg F x ¦   (2) 
The melting temperature and the coefficients of surface tension for the makes of steel, studied in this article, were 
calculated using the above given formula. The results of the calculations are presented in table 1. 
 
Table 1. The melting temperature and the coefficients of surface tension for different types of steel 
Indicator 
Steel make 
45 40Kh 40KhN 38KhGN 12KhN3Ⱥ 
Indicator size 
Melting temperature TL, °C 1494,24 1496,91 1496,92 1498,01 1507,06 
Coefficient of surface 
tension G, J/m2 1291,61 1180,36 1163,73 1127,97 946,79 
 
Figure 4 presents the graphics of the melting temperature and the coefficient of surface tension of steel. 
 
Fig.4. Melting temperature (a) and coefficient of surface tension (b) for different makes of steel 
Analyzing the diagram of melting temperature changes of steel, shown on Figure 4, it can be stated that with the 
increase of the quantity of alloyed elements the melting temperature increases in grinding steel which explains the 
significant decrease of the quantity of globular chips which are the result of meltdown of separate chips. The more 
refractory elements such as nickel and chrome there are in grinding steel, the stronger the intensity of the increase of 
melting temperature is. The appearance of chrome in grinding steel influences the melting temperature more, but the 
increase of nickel content from 1 to 3% leads to the rise in the melting temperature of such steel by 15 °ɋ. The 
content of carbon and manganese in steel influences the melting temperature: the gradual decrease of carbon and 
manganese leads to the increase of the melting temperature in the studied makes of steel. Therefore, the more 
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complicated the steel in its chemical content is and less carbon it has, the higher its melting temperature is. 
Consequently, the less number of single grains work to remove single chip with the heat release, enough for the chip 
to be melted. This means that the formation of globular chips while grinding such steel is less probable. 
Analyzing the diagram of changes in the coefficient of surface tension it can be concluded that complex alloyed 
steel have the lesser coefficient than lightly alloyed steel. In this case the influence of the chemical element on the 
surface tension is seen, but a reverse one than on the melting temperature: the increase of percentage of chrome and 
nickel significantly decreases this coefficient, the increase of percentage of carbon and manganese increases it. 
Consequently, the more complicated the steel is in its chemical composition, the higher coefficient of the surface 
tension it has in molten state, which is the necessary condition for the formation of globular chips of bigger sizes. 
3. Conclusion 
Percentage of alloyed elements in grinding steel has a decisive influence on the grain-size composition of chips 
formed after grinding.
The main features of the formation of globular chips are the melting temperature of steel and the coefficient of 
the surface tension of steel melt.
The increase of percentage of chrome and nickel with simultaneous decrease of carbon leads to the increase of 
the steel melting temperature and the decrease of the coefficient of surface tension in molten state thus decreases the 
possibility of forming globular chips. Though, when this chip is formed, its diameter will be bigger than after 
grinding plain steel.
The research can be used to define to research the influence of different parameters on the grinding operation 
results [14, 15], including the microcutting processes [16] and finishing of laminar systems [17].
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